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Description 

This Invention relates to stents, tt Is desirable In various situations that means bo provided for 
expanding a constricted vessel portion or for maintaining an open passageway through a vessel portion. v 
s Such situations arise, for •xampte. In conjunction with the disease known as arteriosclerosis as well as the ; 
growth of a tumor so as to restrict or stop How of blood through a blood vessel. Dr. Charles Dotter et al. v . 
reported in 1 869 on the experimental use of coiled stainless steel wire stents placed in the popliteal arteries * 
of dogs. Although the colts exhibited long-term patency, narrowing of the lumen occurred wtthln them end 
only small colls could be passed perctitaneoudy. See Cottar CT el ah, Trahslumlnalty^PIaced CoCspring 
io Endoarterial Tube Grafts. Invest RadioL. 1069; 4:329*332 1 . Recently, two laboratories reported on the use of 
a prosthesis constructed of a thermal shape memory alloy, nldnof, which Is passed through a catheter. 8ee 
Dotfar CT et al., Transluminal Bcpandable NUtooJ Poll Stent Graffing, Racfiology, April. 1983: 147:259-2602 
and Cragg A. et al., Nonsurgical Piaoement of Arterial Endoprostheses, Radiology, April, 1983; 147261- 
263'. Such stents can bo complicated to use. requiring Ice water or heated saline for placement Also they 
is have been tound to produce luminal narrowing due to fibrin deposition on the stent wires. 

Other references which may have relevance to the present Invention are the foBowing U.8. patents: 
Sakura 4£14£87; Affidi 3,888,958; and Simon 4,425,908; and the Russian patent 978,821; also the following 
pubficatlons; C. Gianturco et aU A new vena cava fitter, experimental animal evaluation, Radiology, 
December, 1980; 137i 835-83T 4 ; and M. Simon ot aL, A~voha Cava Rlter Uslngthermal Shape Memory 
20 Alloy, Diagnostic Radiology, 125289-94, October 1 977 s . Still another reference publication Is D. Maass et al-. 
Radiology Fbltow-up of Trans lumtoally Inserted Vascular Endoprostheses: An Experimental 8tudy Using 
Expanding Spriala, Radiology, September, 1984; 152: 659-663. 

US-A-167259-i relates to a resident nostril dilator formed from a single length of wire bent Into a 
configuration consisting of a number of bends joined by straight sections. 
25 DE-C-150127 describes a dilator for the uterus consisting of a plurality of rods hinged together in a 
closed zig-zag configuration and expendible by an external actuating means. 

Objects of the invention are to provide a stent which is easy to place and use and that reduces flow 
delects, luminal narrowing and occlusion. 

This invention provides a stent comprising a single length of wire formed into a closed zig-zag 
so configuration consisting of an endless series of straight sections Joined by a plurality of bends, wherein the 
stent is resiflemfy depressible Into a smaller first shape in which all of the straight sections are arranged 
slde-by-slde and closely adjacent one another for insertion Mo a passageway with the bends having a 
stress therein, and whereto the stent is resfllentiy expandable by release of said stress into a second shape 
In which ell of tho straight sections define a generally circular or cylindrical configuration for pressing 
ss against the waN ot the passageway to maintain It open. 

We also provide a combination of such a stent and a tubular cartridge having said stent therein, said 
stent being resiiientty depressed Into said smaller first shape. 

This combination may additionally comprise a sheath having a lumen therethrough, said sheath having 
an adapter recess arranged coaxtally with said lumen and enlarged in size relative to said lumen, and 
40 flexible member having a closed end and having an outer size sufficiently small to flt within said sheath yet 
sufficiently large to push said stent out of said sheath. 

The wire Is preferably of stainless steel with an 0.0. of 0.046 cm (0.018 Inches). In Its second shape 
the stem b preferably either 5.5cm long and 4 cm In diameter, or 3.0 cm long and ZI5 cm In cflameter. 
The bends are preferably refatfvety sharp and are at a radius of preferably no more than 02 cm. 
45 Stents embodying the Invention and uses to which toey may be put will now be described by way of 
example and with reference to the accompanying drawings. In which: 

RG. 1 is a side elevation of a preferred embodiment of the present Invention. 
RG. 2 is an end elevation of the structure of RG. 1. 

RGL 3 is a section through a blood vessel showing a tumor reducing the size of tha blood vessel . 
60 FIG. 4 Is a view slmtlar to RG. 3 showing one of the steps of the method of Inserting the stent of the 
present invention. 

RGS. 5 and 6 are serial views showing further steps In the method illustrated In Ha 4. 
RG. 7 is a view similar to FIG. e showing throe stents having been placed in tho blood vessel In accord 
with another embodiment of tho invention, 
ss RG. 8 is a view similar to RGS. 6 and 7 showing four stents being placed In a blood vessel to 
overlapping fashion, to accordance with a further embodiment of the method of the present Invention. 
RG. B Is a side elevation of a shaath used In the method of Inserting the stent of the present invention. 
RG. 10 is a sectional view of tha proximal end of the sheath showing the stent being placed Into the 
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sheath as a part of the method of inserting the stent of the present Invention. 
Befemng now more particularly to 1he drawings, there Is tltustrated m RQ. 1 a side elevation of a 
preferred embodiment of the stent 9 of the present Invention which Includes a length 10 of stainless steel 
wire formed in a closed zig-zag configuration. The wire to closed fay a sleeve 11 which Is welded to or 
s lightly squeezed against the ends of the wire to produce the endless configuration. Referring to RQ. 4, tie 
stent is shown In a rosffientfy compressed first shape wherein the straight sections 12 are arranged sfde-by- 
stde and closely adjacent one another. 

The straight sections 12 of the stent are joined by bends 13 which are relatively sharp. Thus. In one 
specific embodiment of the Invention, tho bends 13 are at a radius of no mora than 02 cm. This specific 
io embodiment of the Invention Includes wire 10 which Is stainless steel of 0.046 cm (0.018 Inches) OD. The 
stent Is residents expandable from the compressed first shape of FK3L4 Into a second shape illustrated in 
FK3S.1, 2 and 6, wherein the straight sections 12 press against the watts of passageway to ma intain the 
passageway open- F102 shows the end view of the stent in its expanded second shape. As Illustrated in 
HQ. 2, the 6tent has generally a circular configuration or a cylindrical configuration whan it is in Its second 
ts expanded shape. ^ ^ ^ 

In order to practice the method of inserting tho stent of this Invention, the stent is compressed Into the 
first shape Illustrated In Fl& 10 and Is placed within a tubular cartridge 15 (FIG- 10). The cartridge 15 Is 
inserted Into the recess 18 hi the adapter 17 of the sheath 20. The stent is then advanced through the 
eheath 20 by means of a flat-ended pusher 21. Thus In one spodfio embodiment of the Invention, the flat- 
so ended pusher was made of 8 French polyethylene tubing, although a flat-ended flexible metal rod Is 
preferred. When the stent 10 reaches the end of the sheath as shown In Ra 4, fie flat-ended pusher is 
held white the sheath is withdrawn as shown In RG. 6. This frees the stent allowing It to expend and hug 
the vessel waa as shown In FIG. 6. If desired and if necessary tor the particular situation, further stents can 
be added and can be placed In the blood vessel in the same fashion as above described- Thus In Ra 7. an 
25 additional two stents are located one tangfojdinally of the first stent In the blood vessel and tho other 
overlapping the first stent while In Ra 8, tour overlapping stents are used 

In tests of the invention, endovascular stents ware designed and built in two sizes (5.5 cm long X 4 cm 
diameter fully expanded; 3.0 cm long x 2JS cm diameter fully expanded) from stainless steel wire 0,040 cm 
(0.018 inches) formed In a zig-zag pattern. They were placed for varying periods of time In the jugular vein, 
so Inferior vena cava and abdominal aorta of five dogs (see Table I below) and evaluated with regard to ease of 
use. dilating force, migration, patency, throrobogenidty. and local vascular changes. 

Rve adult, mongrel dogs (18-27 kg) were used In the study. They were anesthetized with Lv. sodium 
pentobarbital (Nembutal; 30 rrvgftg) end the Jugular vein, femoral vein, and femoral artery were surgically 
Isolated. An incision was made In tho vessels and a 8 French Teflon sheath containing an 8 French Teflon 
ss catheter with a taper-tip was Inserted and under fluoroscopic monitoring advanced Just beyond the area of 
Interest The stent was compressed and placed within a Teflon cartridge which «ts inside tho adaptor of the 
8 French shealfu The 8 French caffieter was removed, the cartridge was placed In the sheath adaptor, and 
the stent was advanced frrough the sheath with flat-ended 8 French polyethylene tubing. When the stent 
reached the end of tho sheath, tie polyethylene tubing was held while the sheath was withdrawn- This freed 
40 the stent allowing It to expand and hug the vessel walL In certain cases, stents were placed one inside 
another and/or one after anofter (Table I). Following placement, angiograms were made Immediately, after 
one week, and then at monthly Intervals to document stent position and vascular anatomy. The dogs were 
euthanized at the end of the study by exsanguinate! under deep Nembutal anesthesia, and a complete 
necropsy was performed. 


so 
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TAtttE I: Summary oT vascular stent placement In five dogs. 
D09 4 Stent SUt Vascular Placement Duration 

fWt) (Number Ueed) ' 

416 5,5 cm Two placed on* intide the other in 1 month 

(5) abdominal aorta (AA) bridging the 

celiac, cranial watantaric, and right 
renal arteries 

Tiro placed one inside the' other in 
superior vena cava (5VC) at level 
of right atrium 

T5 one placed In the Inferior vena 

cava (IVC) bridging both renal veins 

3.0 One placed in right Jugular 8 en 

above SVC, and 

20 (3) two placed one inside the other in left 

jugular 8 cm above sve 

355 5.5 one placed In AA brldolng ths 3 months 

25 celiac, cranial nssenterlc, end 

'right renal arteries 

Two placed enr inside the other in XVC 
bridging both renal veins 

50 3.0 Two placed one inside the other in SVC 

(?) at level of right atrium, and one 

placed 2.3 cm above the right atrium 

35 354 5.5 One placed in AA bridging the 4 months 

(2) cranial mesenteric and both 

renal arteries 


40 


45 


One placed in IVC bridging both 
rennl veins 

505 5.5 , Four placed one after another In AA 5 months 

(5) beginning at diaphragm (Till and 

ending at L5 

One pieced In IVC at level of diaphragm 

3 J One placed inside last long stent In AA 

(3) at level or 

w Two placed one after another in 9 

IVC between the hepatic and renal veins * 

No difficulties were encountered In the placement erf the endovasoular stents. They were easy to use 
65 and could be placed one inside another and/or one after another. The expansile strength of the stents was 
found to be dependent on stent length, diameter of stent wires, the number of folds In the wire of each 
stent, end the number of stent* placed one Inside another. Specifically, expansile force Increased with 
decreased length. Increased stent wire diameter. Increased number of wire folds, and Increased number of 
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stents used. 

Angiogram* made of the eterrted vessels showed no flow defects, luminal narrowing, or occlusion. 
' Blood vessels bridged by the stents remained patent and showed no Inolcation of narrowing oven after six 
months. No migration was noled with 2d of the 30 stents placed. One long start (5*5 cm) placed alone In 
5 the inferior vena cava migrated approximately 2 cm cranial Jy during the first week following placement, but 
no further movement occurred and no complications were encountered because of this migration. 

Postmortem examinations showed the endothelial proliferation occurred around the stents where the 
wires contacted the veesei wall. By four weeks following placement venous stent* were almoet completely 
(80%) covered by cefl growth while aortic stents were Just beginning (30%) to be Incorporated. By 12 
to weeks, all stents were covered with endothelium where the wires contacted the vessel wall. No growth was 
noted on wire segments that bridged side branches even after 6 months. In addition, no erosion of the 
vascular walls wae noted, and no clot formation was seen on any of the stents. 

Percutaneous expandable endovascular stents can be made of various diameters and lengths from 
stainless steel wire formed In a zig-zag pattern. They are easy to place percutaneousfy In veins and arteries 
is and do not require the use of Ice water or hot saline as do nNinol colls (2, 3). The dilating force of tiie stent 
can be controlled by manipulation of wire siae, number of wire folds, and stent length. Expansion force 
increases wtlh larger wire, but so does the size of the collapsed stent which necessitates use of a larger 
sheath for placement increasing the number of wire folds and decreasing the stent length also Increase the 
dPating force. Therefore, stainless steel vascular stents can be tellor-mode with regard to length, diameter, 
20 and expansion force. 

MuWple stents can be employed depending on the circumstance. If the vessel of Interest Is longer than 
one stent, several stents can be placed one after another with slight overlap at the ends, tn addition, tf the 
expansion strength of one stent Is not sufficient, several stents can be placed one Inside another to Increase 
the dilating force at a specific point. 

ss Following placement In a blood vessel, the stent gradually becomes Incorporated Into the vascular wall 
by endothelial proliferation around the wires where they contacted toe wall. This b similar to what has been 
noted in other studies where metal wire has been placed In the vascular system (2. 3. 4). Radiographic 
studies indicated that by one week after placement of the stent sufficient endothelial proliferation had 
occurred to prevent migration. -but during this first week, displacement was possible although not probable. 

so After being tn place for one month, the venous stents were approximately 80% encased by endothelium 
while the aortic stents were only about 30% encased. This difference is probably due to the greater flow 
and pressure In the aorta. By three months, all stent wtres contacting the vessel wall were completely 
encased In endothelium. This Incorporation into the vascular wall reduces ttvombogenfcity (3), but no clot 
was found even on the bare wires after 6 months. No cell growth was noted on any of the wire segments 

35 not in contact whh the vascular wall, e.g M where stents bridged side branches. This observation corresponds 
with previous reports on the use of endovascular stainless steel wires (4). Therefore, the stents can bridge 
other vessels without occluding them or producing luminal narrowing at the branch points. This has not 
been reported for other types of endovascular stents (2, 3). Thus It appears that the stainless steel stents 
can be placed anywhere in the vascular system that will accomodate them. No luminal narrowing was noted 

40 in the stented vessels even after six months. This differs from the nitinol endovascular stents which have 
been shown to product luminal narrowing within 4 weeks due (o fibrin deposition on the stent wires (1 , 2, 3), 
No clot formation was found on any of the stents at the time they were removed. This Is similar to 
previously reported results & 3). No vascular erosion was seen probably because the vessels were normal 
and able to expand thu9 reducing the force of the stent wires against the vacular waJL 

46 Results from this evaluation Indicate that these stents should find various clinical applications. These 
may Include re-estabOshcnent of flow in veins compressed by neighboring tumor (superior verm cava 
syndrome), maintenance of vascular patency after percutaneous balloon dilations, and correction of 
Incomplete, long, Irregular vascular stenosis. In edditon, ft may be possible to use these stents In other 
systems such es the respiratory, biliary, and urinary tracts to reinforce collapsing structures from extrinsic 

so compression from neoplasm, maintain the dilatation of a balloon dilated segment of ureter, urethra, or 
bowel, aortic dissection, aortic aneurysm, and tocafizatlon of a chronic puncture site. 

Claims 

5s 1/ A stent (9) comprising a single length of wire formed Into a closed zig-zag configuration consisting of 
an endless series of straight sections (12) joined by a plurality of bends (10), wherein me stent is 
resiliently depresstble Into a smaller first shape in which all of the straight sections are arranged side* 
by-side and closely ao?acent one another for Insertion Into a passageway wfth the bends having a 


5 


EP 0 177 330 B1 


strew therein, and therein tfie stent Is reslltently expandable by release of said stress Into a second 
shape in which all of the straight sections define a generally circular or cyferdrical configuration for 
pressing against the wall of the passageway to maintain it open. 

2. fri combination, the stent of Claim t and a tubular cartridge (15) having said stent (9) therein, said stent 
being resiGentty depressed Into said smaller first shape. 

3. The combination of Claim 2 additionally comprising a sheath (20) having a lumen therethrough, said 
sheath having an adapter recess arranged coariatly with said lumen and enlarged in size relative to 
said lumen, and flexible member (21) having a dosed end end having an outer size sufficiently small to 
fit within said sheath yet sufficiently large to push said stent (9) out of said sheath. 

4. The dent of Claim 1 wherein said wire Is stainless steel of 0.048 cm (0.01 8 indies) O.D. 

5. The stent of Claim 4 wherein said stent In Its second shape Is 5 j5 cm long and 4 cm In diameter. 

6. The stent of Claim 4 wherein said stent in its second shape is 3-0 cm long and 2.6 cm in tiameter. 

7- Ttie stent of Claim 4 wherein said bends are relatively sharp and are at a radius of no mora than 0.2 
cm. 

Revendicatikins 

1- Ecarteur <9) compreoant un seul tronson de fi! mStslllque ayant una configuration sinueuse ferm^e 
consffo£ d'une sdrie sans fin de trongons rectiiignes (12] relies par plusleurs coudes (13), Mcarteur 
pouvant etre repiie £tas*6quement & une premiere configuration de petite cfimension dans laqueile tous 
lea trongons rectitignes sont places o8te h cQte et tr$s pres les una des autres afln que r^carteur 
pufsse etre introduit dans un passage akxs que les coudes sont soumls & une contrainte. r4carteur 
pouvant se dilate- 6 lastiquement par suppression de la contrainte et prenant une seconds configuration 
dans laqueile tous les frontons rectifies delimfoont une configuration clrculalre ou cyfindrique de 
fagon g$n6rnle afln que l'e*carteur repousse la parol du passage et maintienne celul-d sous forme 
ouverte. 

2. En combtnalson, reearteur de la revandfcatlon 1 et une cartouche tubulalre (19) dans laqueile est place* 
recartsur (3), recarteur dtant replfc dlastfquement h sa premiere configuration de petite dimension. 

3. Comblnaison selon la revencficalion 2. comprenant en outre una galne (20) ayant une coverture la galne 
ayant une cavhe* d'adaptataur disposes coaxlalement It I'ouverture at de dimension agmndie par 
rapport h la lumiere. et un organs flexible (21) ayant une extremitt fermee et dont la dimension exteme 
est suffisamment petite pour qui! se logo dans la galne mais suffisamment grande pour qu'il puissa 
ropousser l r 6carteur (8) eo-dehors de la galne. 

4. Ecarteur selon la revindication 1. dans tequel le fit mtStaiGque est forme (fader Inoxydable et a un 
diamttro exteme de 0,048 cm (0,018 pouce). 

6. Ecarteur selon la revendicatkm 4, dons iequel recarteur, lorsqutl a sa eeconde configuration, a une 
longueur de 5,5 cm et un dtametre de 4 cm. 

6. Ecarteur selon la revendicatfon 4, dans Iequel, (orsqu'If a ea seconde configuration, rdcarteur a une 
longueur de 3 j0 cm et un diametre de 2JS cm. 

7. Ecarteur selon la revandication 4, dans Iequel les coudes sont retativernent aigu? et ont un rayon qui no 
de'passe pas 0.2 cm- 

Ansprtiche 

1. Stent (9) tew. modtzfnlsches Qer&t zur GeftteufwcUung, aufwoisond eln BnzekJrahtstack, welches In 
elne geschiossene Zickzack-Gestalt geformt 1st. die aus elner endiosen Aneinanderrelhung von geraden 
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Abscfcntttan (12) gobfctat 1st dio (fcer alna Mahraaht von Bfegungon odor Blagestellan (13) verbunden 
sind, woboi dor Stent fn eine erste, Meinere Qestatt nachgiebig zusammendiOekbar let In walcher alia 
garaden AbechnHta zwacka BnfOhrung In einan Durcbgang eetfich nebeneirtandarlegaixl und dlcht w 
•handor bwudtowt engooidnel eSnd, wobai dlo Oegestallan untar Spannung atahon, und wobol dor 
Gtant durch Rugate dor Sptmung In etna araita Gostart nachgiebig aufwofflw ausgebRdat 1st In 
wafchar alia geraden Atechnfna ©hen Im weaortficnoo kreWCnnlgen odor lyfindrtechon Aufbau wracks 
Anpressung gogen die Wand doa Durchflangoa foottegon, um dtoaen offen zu halloa 

2. KamWnalton etnas Starts nach Anspruch 1 und ekter rohrfSrmioon don Stant (9) enthaltanden Patrone 
(IS), wabat dor Start In aetoa arste. Wefrwre Gettah etastocn jruaamrrangodrOcM 1st 

1 KombJnaSon naoh Antpruch 2, aia&tdtoh aufwoloond ©loon MartaJ {20} mtt atnam dutch thn Mndurch- 
gahendan Durchgang. woba! dor Mental etna Adapterauwwhrouog aufwetet, die toaxtal ai dam 
Durchgang und In hrer GrSao im VorgWch zuro Ourchgang grfter ausgebiktet tot und autoslaand 
ctnon flexfcton Tod (21), dor am abgaachtoaaanaa Bide und etna fiuAere GrOJo aufWebt dlo euaref- 
ehand Main, domlt or tn don Mantol peat. Jadodi auaraichend grofl 1st um dan Stent (9) eua dam 
Mental henuszustoBen. 

4. Start nach Anopruch 1. dadurch gokomuekhnot, dad dor Draht auo nxtfreiem Stahl mtt ekwm 
Durchmesaer von Ofi*B cm (0.Q18 tnchaa) bestaht 

6. 8t»nt nach Anapruch 4. dadureh gakannzalchnot daJJ dor Stant In tobier awHen Oastaft Sfi dn long 
lot und el nan Ourchmoaaor von 4 em hit 

0. Slentita^Ar*p«c«4,cadufC*ga|o3n^ 
und ekten Ourchmaaaar von 2JS cm hat 

7. Start nach Anapruch 4. dadureh gekannz^chnot dafl do Btegastalten reteflv spttzwtnkflg ausgeMdot 
8ind und efaien Racfius von nicrrt mehr afcQ.2cm lufwatsen. 
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Fig. 10 


